China has a long and proud history
Introduction
This paper is the latest in a series by the authors reviewing scientometric indicators to illustrate trends in world leadership of science and technology (S&T). The first was presented at the 2003 ISSI conference in Beijing to measure who was leading the race, but the contestants were then only the United States (U.S.) and the European Union (EU)-the People's Republic of China (PRC) was not yet a contender (Shelton and Holdridge 2003) . But the spectacular progress of China quickly upended the race. At the 2009 ISSI conference in Rio, indicators and forecasts were presented for a race among the U.S., EU, and China (Shelton and Foland 2009 ). The last bullet in that presentation was:
• I predict that, if present trends continue, the PRC will lead the world by 2017.
In 2017 ISSI was back in China, so how did that 2009 prediction hold up? It was based on forecasts of a dozen traditional indicators with data through 2005. The 2009 paper did not include qualitative assessment by peer review or surveys, which can present a different perspective. And some new indicators have recently emerged that ought to be considered.
The research hypothesis of this paper is that China has overtaken the U.S. to now lead the world in science and technology. Scientometrics is the field that can test that hypothesis through quantitative and qualitative methods. This paper will apply those methods, including some innovative variations.
Why does it matter which nation leads the world? One reason is the same as in sports, a race can inspire everyone to try harder. Nations struggle to find resources to fund their researchers, and viewing progress as a competition can help with motivations. And while science provides global benefits, location does matter for economic prosperity and national security.
Since the 1950s, one goal of the U.S. government has been maintaining world leadership in science, mathematics, and engineering, and there is wide acceptance in the United States of the premise that it remains ahead, albeit with growing doubts. The Chinese Midto Long-Term S&T Development Plan (2006 -2020 set a goal of doubling national R&D investment intensity to 2.5% of GDP by 2020. China is on track to achieve this goal, as confirmed by the most recent update, a plan for -2020 (McLaughlin 2016 .
Some bibliometricians were alert to China's advance in indicators like publications: Moed (2002) , Jin and Rousseau (2005) and Zhou and Leydesdorff (2006) . In 2006 Zhou and Leydesdorff (2006) made the case that China could already be considered a leading nation in science, particularly in nanotechnology. This paper will update some of these indicators and provide additional ones. Simple extrapolations then allow some insight into what is likely to happen next in the race for world leadership. The paper will also contrast quantitative results with qualitative indicators, such as survey results from recent surveys conducted by the Pew Foundation and by WTEC. To save space, some data is posted in supplementary material at http://wtec.org/ issi2017/index.html.
National ''world leadership'' could include many sectors, such as military, economic, scientific, technological, medical, environmental, et al. Here we will focus on science and technology, with some of the economic underpinnings that fund the others.
Quantitative indicators
There are many metrics that could be used to rank nations. Table 1 lists a selection that the authors consider to be relevant here. Most indicators contain the year when China passed the U.S. and EU, or a forecast of when it is likely to do so. Both the current EU28, and the EU27 without the UK, are shown. Each indicator will be discussed briefly in turn.
All of these indicators are absolute, in keeping with the notion that it is the overall output of a nation that counts most in leading the world. Of course, relative indicators also have their place in measuring how efficiently a nation produces outputs. Some smaller nations lead the world in how efficiently they produce R&D investments, papers, citations, or patents relative to their population or GDP.
GDP
Gross Domestic Product is a nation's output in goods and services. To compare nations one can either use the prevailing exchange rate or purchasing power parity (PPP) weights to compensate for local prices. In the first case, the U.S. still leads China by $18.5 trillion to $11.8 trillion. However, with the more realistic PPP weighting, China passed the U.S. in 2014 and EU28 in 2015 to lead the world in this overall measure of economic output. The pattern in Fig. 1 is typical of many indicators: China starting far below the U.S. and EU, rising rapidly, so that it passes the others or can be forecast to do so soon. Such extrapolations are linear for the U.S. and EU, but quadratic for China, which provides a better fit 
GERD
Gross expenditure on research and development (GERD) is the most common indicator of national investments in R&D from both public and private sectors. It has been available for decades from (OECD 2017) . There are some 35 member states, plus 7 others that supply comparable data, called the OECD Group (OECDg) here. For many years, the U.S. led the world in GERD, with the EU as a whole not far behind. However, China has been rapidly increasing its GERD investment, passing the EU28 in 2014. An extrapolation of these trends suggests that China will probably pass the U.S. to lead the world in 2018.
One GERD variant that is particularly useful is the percentage share of world GERD from a particular country. Shelton (2008) has shown that this is a driver for paper share, which explains China's rapid rise in publications at the West's expense. GERD share based on percentages of the OECDg. Using worldwide data from (UNESCO 2017) would change these curves only slightly, since the OECDg accounts for more than 90% of the world's GERD. Note: EU27 reflects the Brexit departure of the UK.
Researchers
The source for full time equivalent (FTE) researchers is (OECD 2017) . While the Chinese passed the U.S. in 2011, they are not likely to pass the EU28 curve until late in the next decade (Fig. 3) . However, if the number from the UK is subtracted from EU28, the Chinese already led the world in this indicator after 2014.
Ph.D. degrees in science and engineering
The 2016 The model is a linear relationship between the ith country's share w i of R&D investment g i and its share m i of (fractional count) papers p i indexed by WoS. The constant of proportionality k i is called the relative efficiency, and it varies by country-some are more efficient than others. The equation is most useful for countries where k i is fairly constant, as it has been for the EU, U.S., and China, since the mid-1990s.
To evaluate the success of the model, one needs to compare publications measured on the same basis as the 2005 data, which came from the NSF Science and Engineering Indicators series. These biennial volumes presented data for decades based on a proprietary subset of the journals in the WoS, using fractional counts. With the latest (NSB 2016) volume, a switch was made to Scopus (Côté et al. 2016) , making checks of long term trends more difficult. Shelton and Foland (2017) have extended the NSF series with a program to analyze samples of WoS hit lists. The results were checked against another series from the Fraunhofer ISI institute (Frietsch et al. 2017) .
The results show that the 2009 forecast was reasonably accurate (Fig. 5) . It now seems likely that China will indeed pass the U.S. about 2017. Its crossover with the EU28 is likely to be a year or two later (2020) than originally forecast, but because of Brexit, China now seems likely to also pass EU27 about 2017 to lead the world in this key WoS indicator. Similar conclusions can be reached from the Scopus database (NSB 2016, Figs. 5-24) ; China likely passed the U.S. in 2014, and linear extrapolations suggest that it crossed EU27 in 2016 to lead the world in scientific publications. 
Patents
One patent indicator is the count of patents granted in the domestic patent offices of several countries (WIPO 2017) . In 2011 China's own patent office (SIPO) passed the totals in each of the U.S. Patent and Trademark Office (USPTO), the Japan Patent Office (JPO), and the European Patent Office (EPO). For international comparisons, it is better to use an indicator like the Patent Cooperation Treaty structure, which allows filing of patent applications in multiple countries with a single application. The PCT's increasing popularity makes it a fair way to compare countries in a neutral database (OECD 2017) . Figure 6 shows a forecast that China might take the lead in this measure in about 2021.
Citations
Citations are a good measure of quality of individual papers, but need at least two normalizations to be credible as an indicator of national quality. One is by field, because some disciplines tend to cite many more references than others. Another is by year, since citations take many years to accumulate. One measure that does both is the Average Relative Citations (ARC) data available from (NSB 2016). These are based on Scopus through 2012. The ARC is the average across a geographic region of the relative citations for each publication. The relative citation in turn divides each publication's citation count by the average citation count of all of the same type of publication in that field and year. ARC values are presented for the year of publication, showing the counts of subsequent citations.
A chart is available in the supplementary material. It shows that the average U.S. paper gets about 40% more citations than the worldwide average paper, and that figure is fairly constant with time. China is far behind, but gaining. Of course, most of these citations come from Western journals in English; if domestic Chinese journals were included, the picture would be far different. However, in some targeted fields China has actually passed the U.S. in a related measure, the number of highly cited researchers.
Highly cited researchers (HCRs)
This metric is based on the 250 top cited researchers in the disciplinary categories defined in the WoS. Data on HCRs were earlier given by Thomson Reuters, but since 2016 the data is published annually by Clarivate Analytics (2016). Table 2 indicates the distribution of highly cited researchers in the top countries in two time blocks; the period 1981-1999, and the year 2016. A decade ago, the U.S. had the largest number of citations and also the largest number of highly cited researchers amongst all countries. More recently, there has been a rapid increase in the number from China and a decline in the number of HCRs in the U.S. China has risen from rank 18 to fourth place in 2016.
In the earlier period there were just 9 HCRs (0.2% share) in China; the number has grown to 185 (5.7% share) in 2016 (Basu 2006; Basu and Ghosh 2017) . In total terms China is still far behind the U.S., but in certain strategic areas, the HCR numbers are comparable. In particular, in the subject area of materials science, China has 46 HCRs as compared to 43 in the U.S. (Table 3) . China is now actually ahead of the U.S. in HCRs in two strategic areas, engineering in addition to materials science. Recently a new dataset has been developed by the OECD and the World Trade Organization for manufacturing output on a value-added basis, which avoids double-counting of imported components. This more accurate data, as summarized in (NSB 2016), allows development of much-improved models that tie these key outputs to inputs like R&D investment (Foland et al. 2015) . Figure 8 shows some national time series for this measure.
Percentages are based on current dollars at the prevailing exchange rate. China likely took the world lead by 2016.
Nobel prizes
Nobels are the gold standard metric for scientific excellence (see Table 1 ). (There are also prizes for literature, peace, and economics, but they are not included here.) Scientists often migrate during their career, which makes counting their nationality somewhat inexact; the approach here is to credit both the country of birth and country at the time of award (Nobel 2017). Western countries have accumulated a huge head start since the prizes were first 
Qualitative indicators
While quantitative indicators permit simple comparisons between countries, qualitative assessments are less precise, by their very nature. The available qualitative evidence is sparser, and often takes the form of peer reviews or opinion surveys. In addition to all the usual caveats about surveys, here one then needs to evaluate how knowledgeable those surveyed are. Persons with detailed knowledge of research abroad are not so common, and may know only the situation in one or a few disciplines. Still, qualitative evidence, here called qualitative indicators for short, must at least be considered to provide a complete picture.
Anecdotal information from WTEC international studies
WTEC has conducted over 80 international technology assessment studies since 1989 on behalf of the NSF and other U.S. government agencies, each focused on a field of science or engineering. Most involved site visits by a panel of U.S. experts to leading laboratories, factories, and funding agencies. Because of the expense of study tours, the study topics and the sites to be visited are chosen with extreme care. Prior to 2000, none of the panels visited China, which was an indication that it was not yet considered to be among the leading nations in the topics at hand. However, since 2000, ten WTEC study panels have traveled to China and conferred with over 400 Chinese researchers. Some of these meetings were during visits to leading labs; some were during workshops organized by WTEC in China. The fact that visits to the PRC were deemed essential to the more recent WTEC studies is another metric of China's rising status as an international power in S&T. Below are some quotes from some of these reports; all are posted at (WTEC 2018) .
(In addition to these observations, WTEC has formally surveyed its expert panelists on the issue at hand,: when China might be expected to take the lead in science and technology. These results will be presented later in conjunction with Figs. 9 and 10.)
China's long-term and strategic S&T investment strategy
The ten WTEC studies that have included coverage of Chinese R&D have gathered insights into the Chinese government's strategy of maximizing the impact of its S&T investments on economic and national security. Nanotechnology, biotechnology, and information technology (and the convergence of those technologies with cognitive science) have been identified by the Chinese government as of strategic importance, and have received priority in government investment strategies. One notable example is Nanopolis (2018) at Suzhou, which combines national, local, and foreign investment in exploiting synergies at the intersections of these disciplines. Several WTEC study panels have commented on this project, including the NMSD, Biomanufacturing, NBIC2, and NANO2 studies.
Several other S&T areas (outside of those documented by WTEC studies) that are highly visible internationally and that contribute to national prestige have been given particular emphasis in sustained PRC government investments. Most notable among these in recent years have been the Chinese space program and China's investments in semiconductor manufacturing and high-end computing technologies.
-Space program: Since the 1950s, the PRC government has put a high priority on the development of nuclear weapons and the technologies for delivering them-the requisite technologies for ''superpower'' status. As in many other countries (including the United States), this has been accompanied by the development of a civilian-focused space program. The rapid development of China's space program has been well documented by the U.S. publication, Aviation Week and Space Technology-which in 2013 named Qian Xuesen, the pioneering leader and visionary of China's space program as ''Person of the Year.'' (Aviation Week 2013). China's space program now includes capabilities and plans that rival those of Russia and Western countries, including space stations, lunar exploration, and commercial space development (Morring 2016) . China currently has the ability to launch humans into space, a capability that the United States gave up when it retired the Space Shuttle in 2011 and is still working to restore. -Semiconductor manufacturing and high-end computing: As of November 2016, China had 171 of the world's ''top 500'' supercomputers (Top500 2016). Perhaps more significantly, China was responsible for the number one-and number two-ranked supercomputers in overall performance. In addition, China's top-performing machine, the Sunway Taihu Light, at 93 petaflops, uses no U.S. components (e.g., microprocessors) and is more efficient in terms of power consumption than comparable U.S. machines. Even more significantly, it is also reported to perform well in terms of solving practical computing problems, vs. just standard benchmarking tests. -Commercial aviation: Other areas of prioritized strategic investment by the Chinese government include the commercial aircraft manufacturing industry, where the Chinese C919 project aims to compete with Boeing and Airbus in the large commercial jet airliner business. As part of this strategic investment, China has also prioritized advanced materials (essential for lightweighting of airframes and for the development of energy-efficient and long-range jet engines) and additive manufacturing (including of large metal structures for airframes). These Chinese advances have also been well documented Aviation Week and Space Technology (Perrett 2014) . While progress in this area has been slower than originally anticipated, China is pursuing a consistent, and persistent, investment strategy that is likely to pay off in the long run. Metrics documented elsewhere in this paper demonstrate that China is now leading the world by some measures in academic research in the fields of materials science and engineering, both critical to leadership in the aviation industry.
China's S&T education and workforce strategy
Since the late 1980s, China has sent thousands of young scientists and engineers abroad to train in leading Western universities. Whereas in the past, many of these people chose to stay in the West, there has been a concerted effort by the Chinese government in recent years to encourage them to return home. WTEC panelists visiting China in the past 15 years have cited the following examples:
-The nanomodular materials and systems by design (NMSD) study panelists noted that in 2015 they visited with outstanding Chinese scientists who had been offered research positions in China with excellent startup and support terms after they had started their careers in the United States (Chapter 6, p. 80). The supercomputer example mentioned above can summarize the trends seen by WTEC panels. Supercomputer technology has been explicitly a race for world leadership since at least 1980. In 2004 WTEC sent a delegation to Japan, which had briefly taken the lead in the race. At the time, China was hardly present in the ''Top500'' list of supercomputers in operation, much less in development of its own models. However, its progress was rapid, and by 2009 another WTEC delegation evaluated software for modeling and simulation at 59 sites worldwide, including nine in China, where the panel was impressed with their progress. Fast forward to 2016, when China now clearly leads the world in supercomputers, with not only the fastest ones, which are also made with indigenous components, but also with as many installed machines on the top500 list as the U.S. (Top500 2016). While the U.S. and EU still have plans to compete for leadership, they seem to be falling further behind.
This analysis of the findings from other WTEC studies has yielded several qualitative indicators of (anecdotal information on) China's rising S&T leadership. The major conclusions are: (1) China is following a long-term S&T investment strategy, including a strong focus on topics of relevance to technology-based economic development and national security. (2) Similarly, China's long-term strategy for developing its S&T education and high-technology workforce has been extremely effective. (3) As a result, there is an increasing number of specific researchers and institutes that were deemed by the visiting WTEC panelists to be doing world-class work.
Evidence from expert surveys
Pew Foundation survey
The Pew Foundation has periodically surveyed the public and members of the American Association for the Advancement of Science (AAAS) for their opinions on the status of U.S. S&T (Funk and Rainie 2015) . While diverse, many AAAS members are life scientists. Some of the findings from the Pew survey are: 
WTEC surveys of scientometrics authors and WTEC panelists
WTEC recently conducted a survey to complement the Pew survey with expert opinions on world leadership in S&T. Two samples were queried, each with N = 100 valid responses: (1) authors of recent papers in Scientometrics and (2) experts who have served on WTEC international assessment panels. Both groups can be said to have special knowledge of national standings in S&T. Questions and responses from both samples are available at Two key questions concerned current overall leadership in S&T, and the respondents' opinions on the status 20 years from now. A chart summarizing the results is shown in Fig. 9 . Both groups rated the U.S. as currently leading the world in S&T. However, both groups also agreed that the U.S. position will decline in the next 20 years. About half of both samples thought that China might assume world leadership in 20 years, which is considerably later than the quantitative indicators forecast.
U.S. K-12 education in S&T was rated by the WTEC survey respondents as inferior to China's, consistent with international studies like (PISA 2017). The current K-12 student cohort will be a key part of the scientific workforce during the next 20 years. While there may be systemic problems with the U.S. K-12 S&T education system on average across the whole country, in most countries S&T leaders are likely to come from elite K-12 institutions. Thus, the notion that its K-12 S&T education in general is deficient does not necessarily mean that the U.S. will not produce an adequate number of world-class S&T leaders for 20 years hence.
More immediately, Fig. 10 shows that, like the AAAS members, many respondents believe the U.S. currently leads in doctoral education. However, if the U.S. is no longer able to attract doctoral program graduates to remain, current advantages in the U.S. doctoral programs may not be translated into future S&T leadership.
Impact of decreased accessibility of U.S science and engineering education
One consideration with respect to science education that may be an important factor in these comparisons between countries is the accessibility of science and engineering education. Raw talent in S&T is not restricted to those of wealthy means. Therefore, societies that expect to lead the world in S&T need to nurture those individuals who have that talent, regardless of their economic backgrounds. Because success in science and engineering education requires not only high intelligence, but also hard work, it may even be more likely that gifted individuals of limited means with a strong work ethic, are more likely to excel in these fields than those who have grown up in a life of ease.
A couple of decades ago, technical education in the U.S. was far more affordable than it is today. In the mid-20th Century it was possible for Americans from low-income backgrounds to excel at the K-12 education level, qualify for top-flight U.S. undergraduate programs, and work hard to pay their way through these programs. Then, having excelled at the undergraduate level, these Americans qualified for graduate programs supported by the U.S. Government, and went on to become leaders of late-20th Century science and engineering. And those leaders were accompanied by many of the world's best from abroad. It is not clear that this continues to be the case: College education is increasingly out of the price range of Americans of modest means. Real costs of attending universities have doubled and doubled again in the last 50 years or so, while salaries have stagnated, rising only 10% or so in real terms. And recently there is doubt about whether those talented immigrants will continue to come to the U.S.
Altmetrics results
Altmetrics are statistics obtained from social media and online resources counting mentions, downloads, reads, tweets, recommendations, Facebook entries and so on, about research papers. They indicate informal ways of noting the relevance of the content, and its importance to the reader. Some of these can culminate in citations, but usually that is a small percentage. The advantage of using Altmetrics instead of citations has been discussed by many; see (Fairclough and Thelwall 2015) and references therein. For one, they give an indication of potential usefulness of a scholarly work much earlier than is possible for citations. Citations take a long time to accumulate, the time delay starting from the point of submission of a paper, through the peer review process, publication delays, being seen by the reader, and finally, the time taken to incorporate the work as a reference. In the case of Altmetrics, the paper may be available early, say from an Open Access repository (even prior to publication), and information about it can be immediately tweeted or communicated through blogs, etc. The measure of attention, or Altmetric score, given to a paper depends on the frequency of tweets about the paper, as well as the number of downloads, reads etc., on various social media platforms. By this method, one can utilize the enormous data generated on social media based on numerous individual actions, and use it to generate some crowd-based insight.
For country-level estimates, countries differ in terms of Altmetric scores, but this is not only due to the quality of their papers. Some countries like China have restrictions on using Twitter and Facebook. Therefore a Chinese paper would lose out on contributions to its Altmetric score from readers in China. One of the favoured sites for obtaining Altmetric data is Mendeley, a reference manager used by scientists, typically for reference storing and sharing. Mendeley has been examined for reader counts and found to be a useful source of early impact information. It also correlates well with citations (Fairclough and Thelwall 2015; Wang 2016) . However, some biases such as national dominance of some countries in the use of Web-based social media, and (expected) dominance of junior colleagues over senior (due to greater facility of the young in the use of new technology), are factors that need be taken into account. Thus proper interpretation and international comparisons may be difficult for Web indicators because there are basic national differences in the extent of use of the Web, and as a result there can be large differences in the uptake of the social websites (Fairclough and Thelwall 2015) .
In 2016, results of a study were released by Altmetric.com that looked at 17 million mentions of 2.7 million articles published the previous year. The mentions included news stories, blog posts, tweets, Facebook posts, Reddit posts, articles in F1000 (a manually curated list of excellent papers), Wikipedia citations, and mentions on Mendeley. Researchers from over 440 institutions contributed to the papers that made up the Top-100 list for 2016, with authors spread out over 42 countries. Of the top 100 papers by Altmetric score are five papers from China at ranks 3, 43, 64, 84, and 86 (Altmetric 2017) . Table 4 shows that only a few Chinese papers got enough attention to be in the top 100 papers by the Altmetric Attention Score. The U.S. and EU have approximately the same number of papers in the list (many of them are common due to collaboration). The Altmetric score per paper is approximately the same for the EU, U.S., and China, but the score per author is considerably higher for China. This is largely due to collaborative papers.
Reasons for these shifts in leadership
It may be helpful to discuss why these shifts are taking place. Some may think that it is obvious that shifts in funding inputs drive shifts in outputs like papers and patents. After all, researchers know that it takes funding to do research, and nations that provide more funding do more research. However, some have sought other reasons. Ten years ago, NSF worried about the leveling-off of American publications despite world leading investments in R&D, since the Congress might think that the U.S. establishment had saturated (Javitz et al. 2010) . One hypothesis was that American universities are not doing as well as before because they are stymied by excessive Government regulations. Some attributed America's decline to the growth of large science teams at the expense of smaller ones, and even made the case that no single nation is likely to become dominant in the way that France, Germany, the UK, and the U.S. in succession were (Hollingsworth et al. 2008 ). More recently, Mirowski (2011) attributed some of America's science decline to a greater push for its commercialization. One framework for this subject is provided by the seminal paper by Nelson (1990) , which examined global forces driving U.S. leadership in science and technology, and which brought into question its ability to continue that leadership. While its data is dated, the paper's main economic thesis is still timely, to wit: ''U.S. pre-eminence in high technology industries diminished as other nations matched U.S. investments in science and technology.'' One chart that could be convincing to some is the annual increases in R&D investment (Fig. 11) . China has been increasing its GERD in real terms 10-20% each year for decades. In a good year the U.S. and EU might increase theirs by 3%. While the U.S. still invests the most in absolute terms, its world share is steadily decreasing and, this trend clearly drives the changes in output indicators. It is easy to show that there are very high correlations between funding inputs and outputs like papers, patents, and high technology products (Shelton 2008) . And causality can be argued from the physical connection between inputs and outputs. Finally, there is even some evidence from Granger causality that funding does indeed enable such outputs (Foland et al. 2015) .
While funding seems to be the bottleneck resource, the Chinese have also marshalled other resources, including their enormous numbers of talented people. Higher education institutions have been greatly strengthened until their S&T graduates can compete with any in the world. Further, they can draw upon the unsurpassed energies of overseas Chinese by encouraging them to return. Much of this progress has been organized through state planning over many years. The Chinese have plans extending for decades, while their competitors seem to have horizons of no more than a year or two. Targeting of strategic areas has helped; for example, a focus on applied science instead of fundamental science has paid more immediate dividends. Physical facilities have also been expanded to world leading resources in many fields. There are some downsides to China's rapid growth, of course. Pressure on Chinese scientists to perform have resulted in some abuses like plagiarism and publication in questionable outlets. Still, one cannot argue with the results; China has rapidly recovered from the its scientific dark age during the Cultural Revolution to occupy a global leadership role.
Conclusions
This paper has presented a variety of measures of national science leadership to examine the case for China's resuming its historical leadership of science and technology. Generally, quantitative indicators show that China has made enormous progress in S&T. Some of these indicators show that China is already in the lead, and others forecast that it soon will be.
Qualitative indicators like survey results are less sanguine about China's position; few of our knowledgeable respondents think that China now leads the world or soon will. However, they believe that China is improving its position and many think that it might pass the U.S. in 20 years or so.
Thus, we can conclude that our research hypothesis is not proven: On balance evidence presented here tends to show that China does not yet lead the world in science and technology, and that it may be many years before it does so. This is somewhat a contrarian view; NSF's recent release of a new edition of Science and Engineering Indicators (NSB 2018) has resulted in many articles in the scientific press pointing with alarm at China's progress (Tollefson 2018) . However, NSF's assessment is based entirely on quantitative indicators, and as we have seen, qualitative ones paint a different, and more complete, picture.
Of course, there are many benefits of science and technology, regardless of where the R&D is done. Science can lead to better healthcare, cleaner air and water, solutions of problems like global warming, improved communications that allow more extensive cooperation and collaboration, and many others. Most of these benefits can accrue to everyone, regardless of their nationality.
